Abstract Calretinin (CR)-immunopositive cells and fibers in the cerebellar cortex (vermal archicerebellum-lobules X and IX-and neocerebellum-lobules VIIb and VIII) of two and 4-year-old Manchega and Rasa Aragonesa sheep were studied. CR-immunoreactivity was seen in subsets of all neurons and afferent fibers described in the cerebellar cortex. Generally, immunopositive cells were seen in very high densities in lobules X and IX, and in low density in lobule VIIb. Apparently, all unipolar brush cells were CRimmunopositive and showed a greater variety of shape than had been reported in other species. CR-immunoreactivity of Purkinje cells was either absent or varied from low to medium intensity. Few granule cell perikarya were immunostained (<5%) but a large number of their axons were CR-immunopositive. Subsets of stellate and basket cells were CR-immunoreactive-quite different to what is seen in most of mammalian species. Strongly CR-immunopositive mossy and climbing fibers, isolated or grouped, were observed in all lobules. Although we found neither a difference in CR-immunoreactivity between the two breds of sheep, nor between the two ages examined, we observed important differences in CR-immunoreactivity between sheep and other mammalian species. Our observation of neuronal clusters and groups of fibers with very high CRimmunopositivity supports the idea of a heterogeneous species-specific functional organization for the cerebellar cortex within an apparent homogeneous histological structure maintained throughout mammalian evolution. The results also suggest that the varied levels of CR expression may be related to the specific functions of these immunopositive neurons and fibers rather than to a general neuroprotective role played by calretinin in the cerebellar cortex.
Introduction
A small number of well-defined and organized subtypes of calretinin (CR)-immunopositive neurons and fibers exist throughout the brain [1, 2] . In the cerebellum, a large number of neuronal types/subtypes show CR-immunopositivity, as well as greater density and complexity. In the cerebellar cortex of the studied mammals (rodents, feline, primates, man), the unipolar brush cells (UBCs) show the most intense CR-immunopositivity [1, [3] [4] [5] [6] [7] [8] [9] . CR-immunopositivity is also shown, in a specie-dependent manner, by subsets of Purkinje cells (primate and, unusually, in rat), Lugaro cells (mouse, rat, primate), Golgi cells (all species except guinea pig), granule cells (all species, faint immunostaining in cat and rabbit), basket and stellate cells (only in primates) as well as by climbing fibers (all species except guinea pig) and mossy fibers (all species) [3, 5, 7, [10] [11] [12] [13] [14] [15] . The number and location of these CR-immunopositive structures was very variable, depending on the cerebellar regions.
Calretinin belongs to the large family (more than 200 members) of EF-hand calcium-binding proteins (CaBPs) [16, 17] . Certain members of this family, including CR, are currently considered calcium buffers and are thought to confer a general protection against the pathogenic mechanisms of neuron disease. However, the selective neuronal location and specific physiological properties of different CaBP members suggest they are involved in the regulation of calcium pools critical to specific functions in specific neurons [18] . In some neuronal systems, such as those of the spinal cord of Xenopus, CaBPs are important neuromodulators [19] . In those of the entorhinal cortex and hippocampus in man, they play an important role controlling cortical and subcortical information flow [20] . In the monkey cortex, CR-containing interneurons and terminals play different roles to those that do not express this protein [21, 22] .
Neither the physiological significance of CR-enriched cerebellar neurons nor their changes due to pathological conditions are well-understood [5, 7, 8, 15, [23] [24] [25] [26] [27] [28] . A reduction in CR can cause cerebellar dysfunction. For instance, in mice lacking CR (CR−/−), the firing behavior of Purkinje cells is severely affected, as are the functions of the granule cells, resulting in problems of motor coordination [27, 29, 30] which were reversed after a targeted increasing of CR expression in the granule cells [31] . The role of calretinin in neuronal processes is unclear; variability is seen among mammals in its pattern of immunoreactivity, and striking differences can exist in the calretinin content of morphofunctionally similar neurons located in different lobules or close to one another in the same lobule.
This study was designed to investigate the distribution patterns of CR-immunoreactive neurons and fibers in the sheep and to compare them with those previously described for rodents, felines, and primates. Sheep are interesting for a number of reasons, not least that scrapie-affected sheep might serve as a model for prion diseases [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Such animals have motor coordination problems and show prion deposition and neurodegenerative changes in the cerebellum. The calretinin distribution in two breeds of sheepfrom monitored flocks where scrapie cases had never been reported-was determined at two ages (two and 4 years old [young adult and mature sheep] at ages in which most frequently scrapie occurs). The results of this study are of interest in terms of comparative anatomy but also help clarify the role of calretinin in specific neuronal circuits, both in physiological and neurodegenerative settings. It remains to be determined whether calretinin is expressed differently in normal and scrapie-affected sheep.
Material and Methods

Sheep and Brain Processing
A total of 18 animals were included in the present study: six 4-year-old and three 2-year-old Rasa Aragonesa sheep belonging to the University of Zaragoza, Spain, and six 4-year-old and three 2-year-old Spanish Manchega sheep belonging to the Department of Animal Reproduction, National Agricultural Research Council's (INIA), Madrid, Spain. All animals were selected from monitored flocks where scrapie cases had never been reported. Rules established in the guides for animal experimentation from both, the National Research Council's (CSIC) and the University of Zaragoza, all in accordance with the European Community Council Directive (86/609/EEE) on animal experiments and reviewed by the Ethics Committees of the CSIC and the University of Zaragoza, were followed for animal handling and care. Efforts were made to minimize the number of animals and their suffering. After anesthesia with Equithesin (Janssen Laboratories, Titusville, NJ, USA; 2.5 ml/kg i.p.) the animals were fixed by transcardial perfusion, through a blunt cannula, with 3,000 ml of fixative solution containing 4% paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4. After perfusion, the brains were removed, cut into 1-cm-thick slices and postfixed for 3 h in the same fixative at room temperature. Brain samples were embedded in paraffin according to standard procedures. Transverse serial sections (5-μm-thick) of the cerebellum were mounted on treated glass slides (Vectabond; Vector, Burlingame, CA, USA). Vermal lobules X, IX, VIII, and VIIb [35] were studied using selected groups of 50 serial sections at the appropriate level. One cerebellum from each group was sectioned at the midline, and parasagittal sections from one hemicerebellum obtained to examine the three-dimensional development of immunopositive neuronal prolongations. Ten sections were stained with hematoxylin and eosin (H/E) following standard procedures. Sections were dewaxed and hydrated using routine methods before undertaking any immunostaining procedure.
Calretinin Immunohistochemistry
Different antibodies (Dako, Chemicon, Abcam, etc) and protocols (several forms of heat, alkaline, and acidic antigen retrieval in paraffin-embedded material, as well as the use of vibratome sections of fixed and nonembedded tissue, all providing good results in rat and man) have been tested. All these methods have produced similar results in sheep, but the best definition of the cellular location and the most intense immunoreactivity has been observed following this protocol. Endogenous peroxidase activity was inhibited by incubation of the sections for 10 min in 3% H 2 O 2 in methanol. Nonspecific antigens were blocked by incubating for 15 min in diluted normal serum (Vector, Burlingame, CA, USA). Slides were pretreated with proteinase K (cat#S2019, Dako, Denmark; 2 µg/ml) for 10 min at 37°C. Monoclonal mouse antihuman CR antibody (clone DAK Calret 1; Dako, Denmark) was used at a dilution of 1:100. Sections were incubated at room temperature for 1 h. The EnVision™ system (Dako, Denmark) was used to visualize the reactions; 0.02% of 3,3′-diaminobenzidine (DAB) (Sigma Chem, St. Louis, MO, USA) was used as a chromogen. The sections were then stained with hematoxylin, dehydrated through a graded alcohol series, cleared in xylene and mounted with Entellan (Merck, KgaA, Darmstadt, Germany). These tissue sections were analyzed with an E400 Nikon Eclipse microscope (Nikon, Japan). Control sections incubated without CR-antibody, or after antibody preincubation with CR, did not displayed stained neurons or fibers. In two sections of each group, the DAB nickel variant [36] was used to enhance the end product.
Calbindin and Glial Fibrillary Acidic Protein immunohistochemistry
In order to study if striking variations of CR immunoreactivity among areas or cells in close contact are a common feature of CaBPs, calbindin (CB) immunoreactivity of Purkinje cells was assessed. In a similar way, Glial Fibrillary Acidic Protein (GFAP) immunohistochemistry was utilized to study if CR immunoreactive structures were morphological similar to astroglial cells. To perform this analysis, after deparaffinization and rehydration with PBS of parallel sections, endogenous peroxidase inhibition, nonspecific antigens blocking and antigen retrieval by a short (10 min) incubation with proteinase K, these sections were subjected to incubations in media were rabbit polyclonal antibodies raised against GFAP (cat#ZO334, Dako; 1:500, or cat#AB5804, Chemicon, Temecula, CA, USA; 1:500) or calbindin D-28k (cat#AB1778, Chemicon, Temecula, CA, USA; 1:1,000) were added. The EnVision™ system and DAB was used to visualize the reactions. The sections were then stained with hematoxylin, dehydrated through a graded alcohol series, cleared in xylene and mounted with Entellan. Control sections incubated without GFAP or calbindin antibodies did not displayed stained glial cells, neurons, or fibers.
Cell Enumeration and Statistics
Percentage of immunopositive cells of each neuronal subtype was calculated. Five groups of three CR-immunostained sections with a minimum separation of 50 μm were randomly selected at the level of lobes X and VIIb from each animal to count the number of immunopositive cells. In each second section of the five groups, twelve areas of 370×240 μm, including the Purkinje and granule cell layers (the upper long side was placed in the molecular layer, parallel to the Purkinje cell layer, just over the Purkinje cell bodies) were randomly selected, and the number of CR-immunopositive Purkinje, Golgi, Lugaro, brush (or unipolar brush), and granule cell bodies recorded. In other 12 areas of 370×240 μm, including the Purkinje cell and molecular layers, randomly selected, the number of CR-immunopositive basket and stellate cells were counted. When necessary, the two parallel sections were used to classify the immunopositive cells (more than the 90% of the CR-immunostained cells could be classified in this way). ACT and NIS-D (Nikon, Japan) and IPPlus (Image Pro Plus, Media Cybernetics, Iowa) software was used for morphometry analysis, if necessary for cell description or classification, and enumeration. The percentage of immunopositive neurons of each corticocerebellar subtype was obtained after counting the total number of each subtype of cell in five H/E stained sections using a similar protocol (the "pale cells" [37] , observed in H/E stained sections, were considered brush cells) [38] . Drawings (camera lucida reconstructions) of different morphological subtypes of UBCs were carried out using serial sections.
ANOVA was used to test the homogeneity of the results in each animal bred. The Student t test was used to compare the groups.
Comparative Studies
Six 3-month-old Wistar rats were examined after fixation in a similar fashion to allow morphological comparisons.
Moreover, for future studies using brain samples obtained by autopsies and brain processing performed according to the protocols for the analysis of transmissible spongiform encephalopaties (TSEs), and conserved in a brain bank of the Zaragoza University, six healthy 4-yearold sheep from monitored flocks where scrapie cases had been reported, were used. Following an i.v. injection of pentobarbital, all these animals were sacrificed by exsanguination. The brain was immediately removed and placed in 4% p-formaldehyde in PB, pH 7.4. Samples of the cerebellum were paraffin-embedded and processed as above-mentioned for immunohistochemical study and immunopositive cell counting.
Tissues from the lymphoreticular system were collected in order to confirm the absence of scrapie prion (PrP sc ) and to eliminate possible preclinical cases. PrP sc was detected immunohistochemically using the official European protocol.
Results
Calretinin-immunopositive Neurons and Fibers
No statistical significant differences between the Spanish Manchega and Rasa Aragonesa breds and no significant differences between the two and 4-year-old animals (Spanish Manchega and Rasa Aragonesa breeds) were found (Table 1) .
General CR-immunopositive Pattern
Elements of all existing types of neuron and fiber in the cerebellar cortex sheep showed very intense CR-immunopositivity. Regional differences were very important: very variable numbers of immunopositive elements of each type of neuron and fiber were seen in the different lobules of the vermis (Tables 1 and 2 ). Very high densities of immunopositive cells were seen in lobules X and IX, a high density in lobe VIII, and a low or very low density in lobule VIIb (Tables 1 and 2 DAB nickel variant was used to enhance the end product at low magnification and sections were not stained with hematoxylin. mL Molecular layer, gcL granule cell layer. Scale bar=300 μm and 5). However, no organized sagittal bands of immunopositive cells or fibers, or lateral density gradients were seen in any lobules. Usually, areas with high immunopositive cell densities showed a high density of CR-immunopositive fibers, although no explicit correlation was found (see below). 
Unipolar Brush Cells
In all regions of lobule X, most regions of lobule IX, and small areas of lobule VIII, striking densities of immunopositive UBCs were seen (Table 2 ; Figs. 1-5 ). The number of these cells (Table 1 ) was far superior to that observed in rat sections (>37%). Their morphology was very variable (Figs. 3-5) , with a wide variety of monopolar dendrites and axon sizes and shapes. The length of the dendritic stem varied from 0.2 to 100 μm, and the diameter from 0.5 to 10 μm. Approximately one third of the cells showed a dendritic stem up to 10-μm long, and another third showed lengths of 20-40 μm. The size and shape of the apical dendrites were also very variable. The most common shape (50-60%) was a spherical-polygonal structure with a variable number of very short, thin prolongations and small invaginations. These invaginations were observed as either morphological depressions of the surface or as less dense regions in the apical structure (Fig. 4e, h) , depending on the plane of the section. The special features of this type of cerebellar neuron were the anarchy in the location of the granule layer, the very variable three-dimensional development of its dendrite and axon prolongations, and the relationships between these and other cells of the same layer (Fig. 5) . Double dendritic apical endings were observed (randomly located) in some 8-15% of the cells (Figs. 3e and 4n) . About 12% showed different types of calyciform termination, with one or two large invaginations (Fig. 3g) . Apical endings not observed and/or described in rats were appreciated in 15-20% of cells, including very long dendritic stems without apical endings, small or medium-sized apical endings with a hypertrophied brush border, and/or apical endings with lamellar-like prolongations (Fig. 4) . In all the lobules, UBCs were always randomly located in the granule and Purkinje cell layers. However, the greatest densities corresponded to the external half of the granule cell layer as well as in clusters located in lobules IX and X (Fig. 5) . Granule cells were the elements in closest contact with them, but many UBCs showed relationships only with glial cells and/or cerebellar glomerulli. The immunopositive mossy endings in close contact with the apical dendrites of the UBCs could only occasionally be demonstrated as belonging to a specific type of fiber (an axon of another UBC in the layer, a mossy fiber entering from the white matter) and were either CRimmunopositive (with different intensities) or immunonegative (Fig. 3f, g ). In general, the UBCs showed a single axon (two axons were occasionally observed; Fig. 5c ) with an erratic course and showed high immunoreactivity close to the cell body. Most of their endings could not be observed due to a loss of immunoreactivity, continuous crossing over with other immunopositive fibers, because of their length exceeding that of the serial sections studied, or owing to their entry into the white matter. Only a small number of these UBC-mossy endings were actually observed, either in close contact with other UBCs or in the center of an apparent cerebellar glomerulus (Fig. 5) . Nearly all CR-immunopositive UBCs showed very intense reactions; only a very small number showed low immunopositivity, and no immunonegative UBC-like cells were observed. Moreover, the number of pale cells observed in H/E sections was coincident with the CR-immunopositive UBC counts. The UBCs of the white matter showed intense immunoreactivity.
Golgi, Lugaro and Granule Cells
High percentages (50-65% in the archicerebellum and about 30% in the neocerebellum) of strongly CR-immunopositive small and large Golgi cells were observed randomly located throughout the granule cell layer (Figs. 3b, e, g ). Most of the Lugaro cells, mainly located in the upper part of this layer, were CR-immunopositive (about 90% in lobule X and IX, and 61% in lobule VIIb). The main prolongations of the Lugaro cells were more immunopositive than those of the Golgi cells. The highest density of these CR-immunopositive cells and their prolongations were observed in the archicerebellum (Table 1 ). In deep areas of the granule cell layer, mainly in lobule X, a subtype of immunopositive Lugaro cell, described by Laine and Axelrad [39] , was observed. The number of immunopositive granule cell bodies was very small (<5%) in lobules VIIb to X, in general as isolated elements or forming small groups of three to nine elements (only selected areas in lobule VIIb displayed an important density->15%-of CR-immunopositive granule cells) (Fig. 5) . However, an important number of ascending granule cell axons in the granule cell layer and parallel fibers in the molecular layer was observed in large areas of all the lobules (Fig. 3a) .
Purkinje Cells
The Purkinje cells were the most variable CR-immunoreactive neurons (both lobule to lobule and section to section) in terms of cell density and immunodeposit shape and intensity ( Fig. 2a-d and 3a-e) . Very variable immunopositive Purkinje cell counts were recorded; average values in sections ranged from 10% to 60% in all lobules. Cell bodies with low-medium homogeneous cytoplasmic reactivity were observed as a general rule, but others with cytoplasmic granular inclusions of more or less dense CRimmunopositivity existed in a very low number (Figs. 2 and  3) . Their CR-immunoreactivity in the perikarya never reached the intensity of the other cortical neurons. Only in selected neurons did the dendritic or axonic prolongations show a similar intensity of those displayed in the body (Fig. 2a) . Immunopositive and immunonegative Purkinje cells were always observed in close association with one another, randomly located, and with no special threedimensional organization in any of the lobules. Small groups of immunopositive and immunonegative cells (three to 15 elements) were often seen close together. In the molecular layer, a diffuse immunostaining (not observed in the control sections incubated without CR-antibody or after antibody preincubation with CR) of low-medium intensity in lobules X and IX and of low intensity in the other lobules, suggests the thinnest prolongations of the immunopositive cells were also immunoreactive.
Basket and Stellate Cells
The number of immunopositive basket cell and stellate cell bodies was very small (<5%) in lobules VIIb to X. Isolated and grouped low to intense immunopositive perikarya of these cells were observed (Fig. 2a-c) . In many sections, no immunopositive cell bodies of these neuronal types were observed at all, but a number of their axons always showed CR-immunopositivity (Fig. 3a, c) . These low-medium immunoreactive axons were also observed in some archicerebellar and neocerebellar areas with a very low CRreactivity.
Afferent Cortical Fibers
The number and intensity of the CR-immunopositive afferent fibers (climbing and mossy fibers) in all the cerebellar cortical layers and white matter was very high, but variable in different areas of all the cerebellar lobules ( Table 2) . No three-dimensional organization was appreciated. Rather, random bands or groups of fibers were observed (Fig. 2d) . In general, the number of immunopositive prolongations was greater in areas where CRimmunopositive cells were in higher density. However, in lobules VIII and VIIb, with low numbers of these cells, extensive areas with large numbers of mossy and climbing fibers were seen (Figs. 2b and 3a) . The climbing fibers were also intermeshed with CR-immunopositive basket and stellate fibers, and granule cell axons, in the molecular layer (Fig. 3a) .
Glial Cells
No CR-immunopositive cells with clear glial morphology were seen.
Differences Observed in Brain Samples Fixed by Immersion
The general morphology of the CR-immunopositive neurons and fibers from the brains fixed by immersion was similar and the cell counting provided data nonstatistically significant when compared with fixed brains.
Calbindin-immunopositive Purkinje Cells
All the bodies of the PCs in all the lobules (VIIb to X) from all the studied animals displayed an intense calbindin immunopositivity (Fig. 6 ). Cell bodies with mediumintense (in relation to the CR-immunoreactivity of the brush cells), homogeneous, and diffuse/fine granular cytoplasmic reactivity were observed as a general rule without variations among lobules or folia.
GFAP-immunopositive Glial Cells
Protoplasmic and fibrous astrocytes were immunostained by the two polyclonal antibodies utilized, as well as Bergmann fibers in the molecular layer (Fig. 6) . In this study, only the size and shape of some subtypes of GFAP immunostained astrocytes and glial prolongations were studied to compare with the non-well-classified cellular structures displaying CR-immunopositivity. No morphological similarity between some GFAP-immunostained astrocytes and Bergmann fibers, and CR-immunostained glial-like cells was appreciated.
Discussion
The results show that the sheep cerebellum has a very large number of very intense CR-immunoreactive neurons and fibers. The patterns of CR-immunoreactivity are specific of each lobule, and present important differences when compared with other reported patterns from cerebellar studies in mammals. All the neuronal types described in the cerebellar cortex showed a subset of CR-immunopositive cells. The percentage of immunopositive cells of each type of neuron was very different and varied from lobule to lobule. Apparently, all UBCs were immunopositive because no immunonegative UBC-like cells were observed and the number of pale cells in H/E-stained sections was similar to the number of CR-immunopositive UBCs. The UBCs were the most intense CR-immunopositive cells in the cerebellar cortex, as described for other mammals [3, 5, 7] . However, CRimmunonegative and/or mGluR1alpha positive UBCs have been described in various species including man [26] and further research can be made to asses the possibility of the existence of these subtypes of UBCs. As little as 3-5% of granule, basket, and stellate cell perikarya showed CRimmunoreactivity, but the percentages of calretinin-immunopositive Purkinje, Lugaro, and Golgi cells were higher. In a general sense, these data agree with the indication of Dino et al. [5] that CR expression in mammalian species is highly conserved in the UBCs but varies in other cells and processes.
The UBCs were highly enriched in the archicerebellum, region involved with postural, visual, and motor functions. Differences in the density of these immunoreactive cells in the archicerebellum (higher in carnivores and primates) have been interpreted as the existence of more sophisticated sensorimotor mechanisms [5] . In the present work, the number, morphological variability and axonal complexity was actually greater in sheep than in rat. This might indicate a higher complexity in the vestibulocerebellar functions of the sheep. The density of these cells in other cerebellar regions was very low, similar to that seen in rodents (as seen in the rats used for comparison in the present study, and as in previous reports) [5, 7] . All the morphological descriptions of UBCs in the rat [3] and man [11, 38] were observed in the sheep cerebellar cortex, as well as other more complex elements; a greater variety in the size and shape of the dendrite terminals has been described.
The great variability in CR-immunopositivity observed in the other types of neuron and fiber in the different lobules as well as the existence of CR-immunopositive and immunonegative clusters of neurons and bands of fibers, confirms the idea of a heterogeneous functional organization for the cerebellar cortex within an apparent homogeneous anatomical and histological structure maintained throughout mammalian evolution [7, 15, 23] . This variability, even observed in areas with close proximity, cannot be associated to methodological variables because, on the one hand, the calbindin immunostaining of parallel sections have demonstrated an homogeneous pattern of immunoreactivity, and, in the other hand, studies on other species have reported high variability in neuronal subtypes [5, 15, 23, 38] . In sheep, no special organization into modules of greater or lesser CR-immunoreactivity (intensity and/or cell density) was observed for any neuronal type (something that has been described in other species [5] ). However, clusters of CR-immunopositive cells (both of the same and different types, including UBCs in the granule cell layer, and PCs) were frequently observed as well as bands of climbing or mossy CR-immunopositive fibers, mainly in lobules X and IX. On many occasions these clusters were in close contact with these bands. This may reflect the specialization of CR-immunopositive subsets of neurons with respect to specific afferent inputs, leading to the existence of different functional circuits in each lobule of the cerebellar cortex even though no morphological differences were appreciable.
In the molecular layer, the existence of subsets of basket and stellate cells showing intense CR-immunopositivity in their perikarya and prolongations (mainly axons) contrasts strongly with descriptions for most of the mammalian species, in which the molecular layer cells are considered PV-rich but CR-immunonegative [23] . Basket networks with strong CR-immunoreactivity were observed surrounding both CR-immunopositive and immunonegative Purkinje cells. The monkey may be an exception [14, 23] . In the chick, important subsets of CR-immunopositive basket and stellate cells have been described [10] .
CR-immunopositive Purkinje cells, isolated or in clusters, mainly in the archicerebellum, were seen in all sheep lobules. Only a very few Purkinje cells were also slightly CR-immunostained in lobules VIII, IX and X in our rats. This subtype of Purkinje cell has been clearly reported in monkeys [14] ; however, most authors consider this subtype to be unusual. Different antibodies and protocols (see "Materials and Methods"), including biochemical controls, provided similar histochemical results in our assays, and no cross-reaction with calbindin seemed to occur. Moreover, medium-intense and homogeneous calbindin immunoreactivity was observed in all Purkinje cells, a result quite different to those observed with calretinin. Purkinje cell immunoreactivity cannot be associated to methodological variables.
In the granular layer, all the large interneurons showed subsets with intense CR-immunopositivity, confirming not only that the current classification of these cells does not describe the observed neurochemical heterogeneity [15] but there exist specie-and lobule-related characteristics. The percentage of these immunopositive neurons decreased from lobule X to lobule VII. The most intense immunopositive cells were the Lugaro cells which showed wide variety in their somata shape and size. In other mammals (mouse, rat, monkey, man [5, 7, 14, 23, 38] ), as was observed in our rats, it is thought that a high percentage of Lugaro cells are CR-rich, but in the sheep of the present study the CR-immunoreactivity was even greater. In deep areas of lobule X, cells similar to the new subtype of Lugaro cell described in man [39] were observed. These cells have been confirmed by a Golgi method but more histochemical research can be made to define with precision. The density of the CR-immunopositive Golgi cells in lobule X was higher than that observed in the rat ( [5] and this study) and monkey [14] . Compared with the rat, the number of CR-immunopositive granule cell perikarya was very low, but in some areas the parallel fibers and ascending axons were better immunostained. In the mouse, rat and monkey, most of these neurons are immunopositive, but variations in intensity from lobule to lobule are reported as well as faint staining in rabbit and cat [1, 5, 40] .
Wide variations in the CR content of climbing and mossy fibers have been observed in different species, the vestibulocerebellum being the cerebellar region of rodents with the greatest number of CR-immunoreactive mossy afferents and different neocerebellar and archicerebellar lobules being rich in bands of climbing fibers [5, 23] . However, in the present study, the immunopositive climbing and mossy fibers seemed to be more common than in many other species. This is congruent with the described dispersion of afferent fibers in the cerebellar cortex of the sheep: cerebellar cortical afferents from the olive, the dorsal column nuclei, the motor nuclei of the cranial nerves, the nucleus of the solitary tract, the nucleus ceruleus and the nucleus parabrachialis were found with a different and more extensive organization than that reported for common laboratory animals [35, 41, 42] .
Special cerebellar CR-rich circuits seem to exists in sheep, the most prominent formed by either bands or groups of CR-immunopositive mossy fibers in contact with the UBCs (generally in clusters). Bands or groups of CRimmunopositive climbing fibers were also seen in contact with CR-immunopositive Purkinje cells. All these have previously been mentioned in a number of descriptions but no special study has been performed in this area. Yan and Garey [12, 13] , postulated that afferent fibers connecting with the UBCs might represent a rapid cerebellar reflex circuit, bypassing much of the multisynaptic route of the cortex. Mugnaini group [8, 43] , consider UBCs forming a large system of intrinsic mossy fibers with a potential feedforward excitatory role. The high number of these cells in sheep made important these roles in this mammal.
Most reviews report the granule cells to show the greatest CR expression [5] . These cells provide the major excitatory input into Purkinje cells through parallel fibers [23, 27, 28] . CR-deficient mice show dramatic alterations in motor coordination and Purkinje cell firing [27] [28] [29] but when the calcium-buffering capacity [28] or CR-expression is restored [31] , normal cerebellar function is recovered. In many species, as well as in the sheep, the CR-immunoreaction in granule cell perikarya is weak, while that of their axons is much more intense. The mobilization of CR to specific subcellular domains in the axons, dendrites or perikarya seems to be very important in cerebellar physiology. Certainly CR expression in granule cells seems to be more important than the immunostaining of the perikarya suggests. However, the very low number of CRimmunoreactive granule cells observed in sheep, very similar to those reported in cat and rabbit [5, 12, 13] , and the high CR content in other species, suggests the existence of important functional differences in the granule cell circuits of mammals. Pre-and postsynaptic calcium signaling in Purkinje cell dendrites and granule cell endings appear to contribute to motor coordination.
The existence of functionally distinct sets and arrangements of neurons and fibers, together with the different CaBs involved in the physiological control of intracellular calcium currents (with important roles in synaptic plasticity, neurotransmission and signaling cascade regulation [18, 27, 28] ) suggest that the major role of these proteins is not that of endogenous neuroprotection but functional modulation. The present results agree well with this latter function and will be studied the evolution of the CR-immunoreactive pattern in both aged and scrapie-affected animals to better clarify the role of the calretinin immunopositive structures.
In conclusion, the results show that: (1) the sheep cerebellum has a very large number of very intense CRimmunoreactive neurons and fibers, (2) the patterns of CRimmunoreactivity are specific to each lobule in this species and show important differences to cerebellar patterns reported in other mammal studies, and (3) important features in this mammalian model include the high density and morphological variability of the UBCs, the existence of a high percentage of CR-immunoreactive Purkinje cells and a low percentage of CR-immunopositive granule cells, the existence of subsets of CR-immunopositive basket and stellate cells (only observed in primates), the high dispersion of CR-immunopositive mossy and climbing afferent fibers, and the existence of possible cerebellar CR-rich circuits formed by bands or groups of afferent fibers and clusters of efferent neurons (UBCs and Purkinje cells). In many ways, the CR-immunoreactivity patterns observed in the different lobules are more coincident with those of primates and man than with rodents. An important lobuleand circuit-dependent role for calretinin in sheep is suggested. This mammal, as well as the proposed method, may be of interest for studying the development of CRenriched neurons associated with prion diseases.
